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(57) ABSTRACT

The present invention provides a method for processing tone
scale of a digital color image in which the histogram of tone
scales (for example, of RGB, YC,C,, Lab or Luv) is
considered for deciding the semi-S curve. The semi-S curve
suits the digital color 1mage and improves the brightness
contrast and color saturation for the 1mage output device. A
welghting procedure can also be used for compensating
those high occurrence colors 1n the image, and rearrange and
analysis the histogram of tone scale, so as to decrease the
influence of the high occurrence colors to the calculation and
process of tone scale.
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METHOD FOR DECIDING SEMI-S CURVE
FOR TONE PROCESS OF A DIGITAL
COLOR IMAGE

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention generally relates to a method for
processing tone of a digital color image, and more particu-
larly relates to a method for deciding a semi-S curve for
processing tone of a raster digital color image according to

the tone scale (e.g., RGB, YC,C, Luv or LCH) of the image.
2. Related Art

In processing digital color 1image, besides the resolution
as a factor directly relating to quality of image, the fidelity
of color 1s the most important factor of all. In comparison to
the control of resolution, the control of color 1S more
complicated. The current color systems for defining color
mainly include RGB (red, green, blue) primaries, HSB (hue,
saturation, brightness) or LCH (lightness, chroma, hue)
parameters, YC C,, Lab, Luv, CIE XYZ color values, and
CMYK (cyan, magenta, yellow, black) primaries. No matter
what color system 1s used, human eyes are particularly
sensifive to the condition of gray scale. The gray scale in
RGB system 1s specified as tone scale, while gray scales in
other color systems are defined by the brightness param-
cters.

According to research, a digital image can be processed of
its tone based on an S-shape curve, as shown 1n FIG. 2, 1n
order to improve the contrast of brightness, and saturation of
colors for an 1mage output device, such as display, printer.
In different color systems, the meanings of tone scale are
different. For example, 1n the lightness, chroma, hue modes
(YC,Cye, LCH, Lab, Luv), CIE XYZ system or CMYK
system, the tone scale is the digital levels (e.g., 256 levels by
8-bit) from white to black, or digital levels of saturation. In
the RGB mode, the tone scale 1s the digital brightness of
each primary color (red, green or blue), or the brightness of
the speciiic color. In S curve of FIG. 2, the horizontal axis
represents tone scale of original 1mage, while the vertical
axis represents tone scale of processed 1image. In a RGB
digital image, for example, the S curve process 1s to trans-
form the tone scales of the red, green and blue primaries of
the original into better tone scales according to the S curve.
The original curve, before the process, 1s a 45-degree linear
line shown in FIG. 2. In order to improve the result of
brightness contrast and color saturation for an 1image output
device, the tone scale curve has to be changed. A basic and
clfective method 1s using histogram equalization, which may
achieve best result of contrast and saturation, but will
destroy the relationships between contents of the 1mage and
makes the 1mage unbalanced. Therefore, the S-shape tone
scale process curve 1s recently used for improving the
contrast and saturation of 1mage for an 1mage output device,
and still mainly remaining balance of contents of the image.

Generally, an output device, such as color monitor, printer
or the like, for digital image can linearly present the bright-
ness and color saturation of the 1mage, or an S curve can be
applied for improving the contrast and saturation of the
image. But, as shown 1n FIG. 2, different devices, such as a
monitor and a printer, have their different characteristic
ranges. Therefore, they need specific S curves. Prior art for
the S curve process 1s to use a specific curve for the speciiic
device.

But, in practice, the tone scales, for example, R, G, B tone
scales for RGB digital images, are different from one
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2

another for different 1mages. So, a fixed S curve 1s not
suitable for processing all 1mages.

Conventional processes using S curve for transforming
tone scale are mainly 1n three kinds. The first kind 1s to use
a fixed S curve without consideration of histogram of the
image. This manner cannot well adjust every different
image. The second kind 1s to provide some different kinds
(for example, scenery or people) of images with different S
curves. But 1t still cannot accommodate the specific tone
scale of each 1image. The third kind 1s to provide an S curve
function, such as sine curve or Gaussian function, which can
be controlled with an amplitude factor for adjustment of
contrast. The third manner can provide a better result. But a
single S curve may not be suitable for processing whole
image ol unbalanced histogram. Further, human eyes will
adapt the vision to the image color distribution and decrease
the effects of the high occurance color in an image. The
affect of human vision to the high occurance color 1s not
considered by the prior art processes.

Therefore, we need a tone scale process method that
provides a semi-S curve tone process and a weighting
function for high occurance color to solve the problem.

SUMMARY OF THE INVENTION

It 1s therefore a primary object of the present invention to
provide a method for deciding a semi-S curve for tone
process according to histogram of a digital image. The
semi1-S curve 1s composed of a shadow portion color
enhancement function curve and a light portion color
enhancement function curve.

A further object of the present invention 1s to provide a
method for processing tone scale of a digital image 1n which
the histogram of tone scales (for example, of RGB, YC,C,,
Lab or Luv) is considered for deciding the semi-S curve. The
semi-S curve suits the digital image and improves the
brightness contrast and color saturation for the image output
device.

To achieve the aforesaid object, a tone process method
according to the present invention includes steps of analyz-
ing the contents of the 1image by the histogram; generating
a semi-S curve according to the histogram analysis; and
processing the tone scale of the 1mage through the semi-S
curve transformation. Therefore, the brightness contrast and
color saturation of the image on the image output device can
be 1mproved.

The method of the present invention also includes a
welghting function for high occurrence color (larger area of
single color in the image). The weighting function considers
the histogram of the high occurrence color and adjusts the
tone scale for a more suitable semi-S curve to eliminate the
influence of the single color with large area to the calculation
and process of tone scale.

Further scope of applicability of the present invention will
become apparent from the detalled description given here-
mafter. However, 1t should be understood that the detailed
description and specific examples, while 1ndicating pre-
ferred embodiments of the mvention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled 1n the art from this detailed descrip-
fion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinbelow 1illustration
only, and thus are not limitative of the present invention, and
wherein:
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FIG. 1 1s a block diagram of a Semi-S curve colortone
processing device;

FIG. 2 1s a diagram showing S curve tone process for
image processing and output device (printer, display,etc.).

FIG. 3 1s a diagram showing location of a transition point
TP of a semi1-S curve;

FIG. 4 1s a diagram showing location of a shadow portion
color enhancement curve 1n a semi-S curve;

FIG. 5 1s a diagram showing location of a light portion
color enhancement curve 1n a semi-S curve;

FIG. 6 1s a diagram showing composition of a semi-S
curve by a shadow portion color enhancement curve and a
light portion color enhancement curve;

FIGS. 7TA~7C are application examples of the present
invention showing respectively an original 1image of stone
status and 1mages processed through tone scale process with
transition point parameters TP=2 and TP=3;

FIGS. 8A~8C are further application examples of the
present invention showing respectively an original 1image of
scenery and images processed through tone scale process
with transition point parameters TP=2 and TP=3;

FIGS. 9A~9C are further application examples of the
present invention showing respectively an original 1image of
people and 1mages processed through tone scale process
with transition point parameters TP=2 and TP=3;

FIGS. 10A~10C are comparative 1mages having same
contents but with different single-color larger areas and
without single-color larger area, and their semi-S curves
showing the differences among them; and

FIG. 11 1s a relationship diagram showing a linear or
non-linear relationship between the area of single-color
larger area and the weighting value (the high occurrence
color weighting value).

DETAILED DESCRIPTION OF THE
INVENTION

The S curves shown 1n FIG. 2 for tone scale processes of
image output devices have been described above.

The following description for preferred embodiments of
the present 1nvention are taking images of RGB mode for
examples.

The method for tone scale process according to the
present mnvention mainly includes three steps to enhance a
digital color image: converting and sampling image data,
deciding a semi-S curve for tone process, and transforming
the tone scale.

In the first step of converting and sampling 1mage data,
the color image of a document or object 1s obtained through
an 1mage-capturing device, such as scanner or digital cam-
era. In this process, the 1image data can be converted to
various modes (RGB, YC C, Luv or LCH). Then the image

data distribution will be analyzed.

The second step of deciding semi-S curve for tone process
1s the major technique of this invention. It includes steps of:
setting the weilghting function of high occurrence color of an
image (that 1s weighting process for the histogram of single
color in larger area); composing new histogram of tone
scale; setting a transition point for semi-S curve; and gen-
erating a look up table for tone process.

The step of analyzing the distribution of 1mage data 1s to
fransform the i1mage into a histogram of tone scale. The
histogram 1s a bar chart of each tone. For an 8-bit image, 256
tones (0~255) are presented. In the histogram, horizontal
axis shows the tone value (0~255), while the vertical axis
shows the amount of pixels for each tone in the 1mage.
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The principle of this invention 1s to find out the tone scales
(e.g., RGB, YC C,, Luv or LCH), to decide a semi-S curve

for tone process according to the histogram, and to process
tone scale based on the semi-S curve 1n order to improve the
contrast and saturation result of 1mage output through the
output device. The present invention relates to tone process
of 1mage and 1s capable of improving output quality of
image for better contrast and color saturation. In an RGB
image, the color 1s created with red, green and blue lights as
three additive primaries. It becomes dark when no light
added. Each primary light gives color. More lights give
higher brightness, and the utmost 1s white. In other words,
higher tone scale value gives higher brightness. According
to the effect of semi1-S curve for tone process, we will
enhance the contrast at both shadow color portion and light
color portion of the image. That means, to process the tone
scales with the semi-S curve to decrease the tone values of
the original 1image at the shadow color portion, and increase
the tone values of the original image at the light color
portion. Meanwhile, the relative level of the RGB image will

be 1ncreased. Therefore, the contrast of brightness and
saturation of color of an 1mage output can be 1improved.

To achieve the aforesaid objects, the semi-S curve i1s
composed of shadow-color enhancement curve O-TP and a
light-color enhancement curve TP-E linked at a transition
point TP. The semi-S curve crosses the original curve (a
straight line) at the point TP. The shadow-color enhancement
curve O-TP lies under the original curve and has maximum
oifset point P,. The vertical distance D, from the offset point
P, to the original curve 1s called the maximum downward
offset. The light-color enhancement curve TP-E lies beyond
the original curve and has maximum offset point P,. The
vertical distance D, from the offset point P, to the original
curve 1s called the maximum upward offset. Therefore,
starting from the tone scale value N of the transition point
TP, the semi-S curve process enhances shadow colors to the
pixels that have tone scale values smaller than N; and
enhances light colors to the pixels that have tone scale values
larger than N.

The following description i1s an example of processing an
RGB image of 8-bit color (with tone scale values 0~255) by
analyzing the histogram of tone scale of the image and
deciding a semi-S curve for the process. The processing
steps are:

a) using the analyzed data distribution of the image to decide

a transition point TP for the semi-S curve;

b) deciding the shadow-color enhancement curve O-TP of
the semi1-S curve locating before the transition point TP;

¢) deciding the light-color enhancement curve TP-E of the
semi-S curve locating after the transition point TP.

In step a), the RGB histogram of tone scale is first made,
in which the samples probability F, (n=0~255) of RGB pixel
samples locating 1n each tone scale (0~255) are summarized.
Then, the samples of RGB pixel samples from the darkest
level (tone scale 0) are added till the sum of samples
probability 2 F, (n=0~n) reaches a value of 1/P, called
“transition point parameter”, determined by the user. P 1s a
positive number less than one. Based on the parameter P, the
position of transition point TP, as shown 1n FIG. 3, for
generating the semi-S curve can be determined accordingly.

The aforesaid samples probability F_ 1s the sum of
samples probability of RGB pixels locating 1n a certain tone
scale position (0~255). For example, if the image has 400
thousand pixel samples totally, and the R, G, B color pixel
samples 1n tone scale 64 are 300, 400 and 570 respectively,
then the samples probability F, 1s calculated as follows:

F 5,=(3007400000)+(400/400000)+(570/400000)=0.003175
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In other words, the samples probability F, 1s the ratio of
pixel sampling numbers 1n that specific tone scale value n to
the total pixel samples of an 1image.

In step b), the present invention takes summation of the
samples probability F,, starting from F, (samples probabil-
ity of tone scale 0) to F,,, (samples probability of tone-scale
N/2) where N is the tone scale position of the transition point
TP. For example, 1if N=100, then N/2=50. If the sum of
samples probability F, to F,,, equals F,, 1.e., 2 F, (n=0-
(N/2))=F; then the maximum downward offset D; of a
maximum downward offset point P, can be calculated as
follows:

and

D=0 when 2PF;-1>0

Then, we can find out the function and line of the shadow
portion color enhancement curve O-TP (as shown in FIG. 4)
according to the origin (0,0), the transition point TP (N,N)
and the maximum downward offset value D,. In the above
formula, C, 1s a shadow portion color enhancement constant
(positive number). For example, C,=N in the embodiments
of FIGS. 7A~10C. And 2PF, -1 1s a parameter for suili-
ciency of shadow portion color. 2PF; —1>0 means shadow
portion color 1s sufficient without the need of further
enhancement.

In step c), the present invention takes summation of the
samples probability F,, starting from Fy, 555y, (samples
probability of tone-scale (N+255)/2) to F, (samples prob-
ability of tone-scale 255) where N is the tone scale of the
transition point TP. It the sum of samples probability F 4,
255y2 t0 Fos5 equals F,, 1.6., Z F, (n=(N+255)/2~255)=F,,
then the maximum upward offset D, of a maximum upward
offset point P, can be calculated as follows:

D,=C, (1-2PF,)P-1) when (1-2PF,~150,
and
D,=0 when (1-2PF,))/(P-1)<0

In which, ¢, 1s a light portion color enhancement constant
(positive number). For example, C,=255-N in the embodi-
ments of FIGS. 7A~10C. And, (1-2PF,)/(P-1) is a param-
eter for sufficiency of light portion color. (1-2PF)/(P-1<0
means light portion color 1s sufficient without the need of
further enhancement.

In the same way, we can find out the function and line of
the light portion color enhancement curve TP-E (as shown
in FIG. §) according to the end point (255, 255), the
transition point TP (N, N) and the maximum upward offset
value D,.

As shown 1n FIG. 6, we can compose the shadow portion
color enhancement curve O-TP and the light portion color
enhancement curve TP-E into a semi1-S curve for tone scale
process. In FIG. 7A, an original image 1s shown. A semi-S
curve 1S determined by the aforesaid steps and used to
process the 1mage. When the P value 1s set to 2 and 3
respectively, the processed 1mages are shown 1 FIGS. 7B
and 7C where the brightness contrast and the color satura-
tion are obviously improved. The same processes are applied
to 1mages of people as shown 1n FIGS. 8A~8C, and 1images
of scene as shown 1n FIGS. 9A~9C. Here we can see that
suitable adjustments can be taken for desired results by the
Semi-S curve tone processes.

But, in practice, there may be some single-color larger
arcas locating 1n the 1mage, also called as high occurrence
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color, that will influence the shape of the semi-S curve. For
example, three 1mages having mainly same contents are
shown 1n FIGS. 10A~10C. The image of FIG. 10A has a
larger white patch area in the boundary. The image of FIG.
10B has a larger black patch area in the boundary. And, no
larger single color area 1s located 1n the 1mage of FIG. 10C.
According to principle of this invention, the semi-S curves
decided from the three 1mages should be the same, at least
extreme similar. But, actually they much differ from each
other as shown 1n the figures due to the existence and
different colors of the larger single color areas. On the
contrary, human eyes can ecasily eliminate this kind of
difference occurring from high occurrence color.

In order to solve the aforesaid problem, we can add a
welghting procedure before the step a) for compensating the
high occurrence color effect, and rearrange the histogram of
tone scale, so as to decrease the influence of the single-color
larger area to the calculation and process of tone scale.

The step of the weighting procedure 1s to analyze the
histogram, find out the larger area of single color (the area
with the same or similar tone scale), and multiply the area
LR with a weighting value F(W/). The weighting value
F(W ) can be a linear or non-linear decreasing function curve
relative to the area as shown in FIG. 11, in which the
horizontal axis 1s the area of single-color, while the vertical
axis 1s the weighting value. By the weighting process, the
samples probability of tone scale can be recalculated, and a
histogram considering the weighting will be changed.

First, we determine a threshold LR, for judgement of
larger area of high occurrence color. The unit for the area can
be samples number of each tone scale (0~255) or the
samples probability F, of each tone scale (n=0~255). Those
arca smaller than the threshold LR, will get a weighting
value “1”. That area larger than the threshold LR, will get
a weighting value between O to 1. That 1s, the weighting
value for the largest area 1s 0. The rest are set with values
between 0 and 1 according to the size of areas 1n a relation-
ship of linear or non-linear decreasing. A non-linear rela-
fionship can be set by the user. A linear mapping can be

determined as follows.

Linear F(W;):

F(W,) = 1
F(Wp) = 1 - (LR-LR)/(1-LR )

when LR < LRy, and
when LR 2 LRy,

There may be a large number of pixels with same tone
scale 1n an 1mage, but different tone scale pixels may evenly
located everywhere 1n the 1mage, and the areas of different
tone scales may not differ too much from each other.
Supposing the pixels for each tone scale 0~255 are the same
and each occupies Y256 of the total area, then, there 1s no
need for the weighting process of larger area. Therefore, the
threshold LR, should be larger than %256, and practically, be
set to Y20, 1/10 or even larger, so as to show the tone process
result of decreasing influence of high occurrence color due
to larger single-color area.

The method of the present invention can be accomplished
and embodied through software incorporated in an 1mage-
processing program, as shown in FIG. 1, or incorporated
directly mto firmware of a digital image output device.

The tone scale process according to the present invention
can accommodate to the tone scale histogram of the speciiic
image, and {ind out a suitable semi-S curve for the tone scale
process. In comparison to conventional process methods, the
present invention can obtain better results of contrast of
brightness and saturation of color for every different image.
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For those high occurrence colors existing in the digital
image, the present invention provides a weighting process to
rearrange and analysis the histogram of the 1mage and to
climinate the influence of high occurrence color to the tone
scale process.

Therefore, the present invention provides a tone scale
process method that decides a suitable semi-S curve for
improving the brightness contrast and color saturation for a
digital 1mage. The semi-S curve accommodates to the con-
tents of the 1mage for better image quality results. A weight-
Ing process 1s also applicable to eliminate the influence of
high occurrence color to the tone scale process. So that, the
image output devices can generate 1mages with good quality.

Though the aforesaid embodiments are based on an RGB
image, the other color systems, such sRGB (standard RGB);
LLCH, CIE Lab, Munsell coordinates; YC, C, and Luv, are
also applicable.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are

not to be regarded as a departure from the spirit and scope
of the mvention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be included
within the scope of the following claims.

What 1s claimed 1s:

1. A method for deciding a semi1-S curve for processing
tone scale of a digital image, comprising steps of:

a) analyzing tone scale distribution of said image to
decide a weighting value of high occurrence color;

b) analyzing tone scale of said image and deciding a
transition point TP for the semi1-S curve through steps
of: making a histogram of tone scale, making summa-
tion of samples probability F, (n=0~Mg, in which Mg
is a maximum tone scale value of the image format) of
pixel sample number locating 1n each tone scale
(O~Mg), making a summation of samples probability
of image from the darkest level (tone scale 0) till the
sum 2 F, (n=0~N) reaching a value of 1/P, in which P
1s a predetermined parameter, and obtaining the posi-
tion of transition point TP at the tone scale N;

c¢) deciding a shadow portion color enhancement curve
O-TP of the semi-S curve locating before the transition
point TP, the curve O-TP passing through origin point
O(0, 0), the transition point TP and a maximum down-
ward oflset point determined by a maximum downward
offset D, calculated as follows:

D,=C, (2PF;)-1) when (2PF,-1<0, and
D=0 when (2PF,)-1=0

in which F,=2 F_ (n=0~(N/2)), C, is a predetermined
constant; and

d) deciding a light portion color enhancement curve TP-E
of the semi-S curve locating after the transition point
TP, the curve TP-E passing through an end point, the
transition point TP and a maximum downward offset
point determined by a maximum upward offset D,
calculated as follows:

D=C, (1-2PF.)/(P-1) when (1-2PF_~1>0, and
D=0 when (1-2PF,;)/(P-1<0

in which F =2 F, (n=(N+Mg)/2-Mg), C, is a predetermined
constant;
whereby, the semi-S curve composed of the curve O-TP
and the curve TP-E 1s obtained.
2. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 1 wherein
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said histogram of tone scale 1s a bar chart of each tone, 1n
which the horizontal axis shows the tone value (0~Mg),
while the vertical axis shows the amount of pixel samples for
cach tone 1n the 1mage.

3. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 1 wherein
said samples probability F, 1s a summation of pixel samples
ol tone-scale n.

4. A method for deciding a semi-S curve for processing,
tone scale of a digital image according to claim 3 wherein
said pixel samples of 1mage are RGB pixels.

5. A method for deciding a semi-S curve for processing,
tone scale of a digital image according to claim 3 wherein
said pixel samples of 1mage are standard RGB pixels.

6. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 3 wherein
said pixel samples of 1mage are YC C, pixels.

7. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 3 wherein
said pixel samples of 1mage are Luv pixels.

8. A method for deciding a semi-S curve for processing,
tone scale of a digital image according to claim 3 wherein
said pixel samples of 1mage are LCH pixels.

9. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 3 wherein
said pixel samples of 1mage are i CIE Lab or Munsell
system.

10. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 1 wherein
said parameter P 1s a positive number less than one.

11. A method for deciding a semi1-S curve for processing
tone scale of a digital image according to claim 1 wherein
said transition point locates on an intersection point of the
semi-S curve and a 45° line passing through said origin as
an original curve.

12. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 11 wherein
said 1mage 1s in RGB system, said shadow portion color
enhancement curve locating under said original curve
includes a maximum downward offset point vertically devi-
ating from said original curve with a maximum downward
offset D,.

13. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 11 wherein
saild 1mage 1s 1n RGB system, said light portion color
enhancement curve locating beyond said original curve
includes a maximum upward oifset point vertically deviating
from said original curve with a maximum upward offset D.,.

14. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 1 wherein
coordinate of said transition point TP is (IN,N).

15. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 1 wherein
coordinate of said end point of the light portion color
enhancement curve is (Mg, Mg).

16. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 1 wherein
said step a) further comprises steps of: weighting those high
occurrence colors 1n said 1image, which larger areas of single
color or extreme similar color value, and rearrange and
analysis the histogram of tone scale.

17. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 16 wherein
said step of weighting high occurrence color 1s to analyze the
histogram, find out larger area of single color, multiply the
area LR with a weighting value F(W,), and rearrange a
histogram according to the multiplication result.
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18. A method for deciding a semi-S curve for processing F(Wy=1 when LR<LR,;,, and
tone scale of a digital image according to claim 16 wherein
said weighting value F(W) 1s decided on a threshold LR, F(W)=1-(LR-LR,;,)/(1-LR,;) when LRZLR,,

for judging larger area which meets high occurrence
condition, so that area smaller than the threshold LR, will 5
oget a welghting value “17, while area larger than the thresh-
old LR, will get a weighting value between 0 to 1.

19. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 18 wherein
said weighting value F(W ) is linearly decreased according 10
to the area LR as follows: I T

20. A method for deciding a semi-S curve for processing
tone scale of a digital image according to claim 18 wherein
said weighting value F(W,) is non-linearly decreased
according to the area LR.
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